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474a Tuesday, February 28, 2012affecting the stability and kinetics of multiprotein complexes. Experiments and
simulations have shown that macromolecules increase the protein-binding af-
finity via the excluded volume effects, while the presence of attractive interac-
tions between proteins and crowding agents decreases the binding affinity.
Such competition between stabilizing effects by excluded volume and destabi-
lizing effects by attractive interactions can complicate the interpretation of ex-
perimental data on protein-protein interactions in a crowded solution as well as
in a living cell. Although theories based on the scaled particle theory have been
successful to describe the excluded volume effects on the protein-binding equi-
libria, no quantitative theory has been attempted to describe the protein-protein
interactions in a crowded solution with repulsive as well as attractive interac-
tions. Here we develop a quantitative theory for protein-protein interactions
in the presence of attractive crowding agents. Without any fitting parameter,
the theory describes very well the simulation data of the protein-binding affin-
ities for several protein complexes influenced by attractive crowding particles.
The theory provides further insights into understanding of in vivo macromolec-
ular crowding effects on protein-protein interactions.
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In cellular environments the total macromolecule concentrations can exceed
300 g/l. Such crowded conditions can significantly affect stability, kinetics,
and function of proteins. Previous studies on the effects of crowding have fo-
cused on the excluded-volume interaction. Recent studies with protein crow-
ders and cell lysates suggested that, in addition to excluded-volume
interaction, these crowding agents also have a soft interaction with the test pro-
tein chymotrypsin inhibitor 2 (CI2). The latter interaction has a comparable, or
even greater effect on CI2 folding stability than the former interaction. We have
developed a postprocessing method for modeling crowding [1, 2]. In this
method we simulate the end states (e.g., folded and unfolded states) of a protein
in a dilute solution and then calculate the free energies of transferring these
end-state conformations to a crowded solution. We thus bypass the slow tran-
sitions between end states, which have necessitated coarse-grained representa-
tions by others. The postprocessing method was applied previously [1-3] to
treat excluded-volume interaction, by either an insertion algorithm [1] or a the-
ory involving numerically calculated radius, area, and volume [4], with the test
proteins represented at the all-atom level. Here we treat the additional soft in-
teraction, by using a fast Fourier transform based algorithm. We use the new
method to study the total effects of protein crowders on CI2 folding stability
and compare the results to experimental data. The success in modeling both
excluded-volume and soft interactions of protein crowders is an important
step toward understanding the total impact of cellular environments.
[1] Qin & Zhou (2009) Biophys. J. 97, 12.
[2] Qin, Minh, McCammon & Zhou (2010) J. Phys. Chem. Lett. 1, 107.
[3] Dong, Qin & Zhou (2010) PLoS Comput. Biol. 6, e1000833.
[4] Qin & Zhou (2010) Phys. Rev. E 81, 031919.
2414-Pos Board B184
Template-Directed Protein Misfolding in Silico and in the Cell
Steven Samuel Plotkin, Neil R. Cashman, Atanu Das, Will Guest.
University of British Columbia, Vancouver, BC, Canada.
An energy landscape theory and corresponding algorithm has been constructed
to predict the mechanism of protein misfolding, in environments mimicking
those in the cell (see accompanying graphic). Energetic and entropic terms,
as well as solvation free energy, must be accurately accounted for in this phys-
icochemical rather than bioinformatic approach. The algorithm is capable of
predicting regions of protein that are thermodynamically prone to misfolding,
how mutations or altered cellular environment can affect the stability of these
regions, and how rationally designed small molecules or antibody therapies
can block misfolding pathways. Antibodies prepared against free peptides
that mimic these regions may be experimentally tested for selective affinity
in vitro, and these
epitopes can be vali-
dated in animal
models of ALS.
Mechanical stability
as probed in silico
using adaptively-
biased force simula-
tions support the
energy landscape
predictions, andthrough stability and metal affinity measurements, further show a remarkable
ability to predict the lifetime of ALS patients once neurodegenerative symp-
toms have been diagnosed.
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Collagen is an important structural biomolecule that is abundant in all animals.
Proper degradation and remodeling of collagen is crucial to an organism’s sur-
vival; moreover, excessive degradation of collagen is involved in many disease
processes such as atherosclerosis, cancer metastasis, and arthritis. While a num-
ber of studies have shed light on the mechanism of collagenolysis in solution,
the precise mechanism of collagen degradation in the native fiber remains mys-
terious. In this work, we use molecular dynamics simulations on a model of na-
tive collagen fibrils, obtained from recent fiber diffraction data, to understand
the mechanism of fibrillar degradation. Our data suggest that the unique colla-
genase cleavage site in native fibrillar state behaves much like it does in solu-
tions composed of tropocollagen molecules. In particular, in the fibrillar state
the region about the collagenase cleavage site can adopt two distinct conforma-
tional states - one where the atoms comprising the scissile bond are relatively
hidden and another state where the scissile bond is relatively exposed, or vul-
nerable, to collagenolysis. These data extends our previous work and suggests
that conformational flexibility plays an important role in determining the rate of
collagenolysis in collagen fibrils.
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When one wants to simulate the folding of proteins or the dynamics of intrin-
sically disordered proteins, atomistic simulations very soon become prohib-
itvely expensive. This is even more so when multiple unfolded proteins are
considered as for example in the case of amyloid formation. For these scenarios
coarse-grained models are required. Here we present a newly developed hier-
archic coarse-grained model which builds upon Langevin Dynamics. Using
this very efficient solvent-free simulation technique allows for more freedom
in the modelling than the united-atom-approaches with their still spherical
super-atoms. Here we show how we base the model of the protein backbone
on non-spherical building blocks with off-center bonds. By construction then
the allowed regions in the Ramachandran angle space are reproduced. Non-
local steric interactions, electrostatics, and hydrogen bonds form a second layer
and shift the secondary structure propensities according to the residue types.
We also demonstrate that poly-peptides form alpha-helical or beta-strand struc-
tures according to their amino-acid composition even when we start from ran-
dom initial configurations. This model can then be applied to efficiently
simulate the folding and association of multiple unfolded proteins like A-
beta or alpha-synuclein.
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Modern simulation techniques are beginning to study the dynamic assembly
and disassembly of multi-protein systems. In these many- particle simulations
it can be very tedious to monitor the formation of specific structures such as
fully assembled protein complexes or virus capsids above a background of
monomers and partially assembled complexes. How- ever, such analyses can
be performed conveniently when the spatial configuration is mapped onto a dy-
namically updated interaction graph [1]. On the example of Monte Carlo sim-
ulations of spherical particles with either isotropic or directed mutual
attractions we demonstrate that this combined strategy allows for an efficient
and also detailed analysis of complex formation in many-particle systems.
Some more examples illustrate how time-dependent many-particle agglomera-
tion can be visualized [2] or classified as either ordered or amorphous.
[1] F. Lauck, V. Helms, T. Geyer, J. Chem. Theory Comput. 5 (2009) 641
[2] T. Geyer, BMC Biophys. 4 (2011) 7
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A recent article by leaders in the high-throughput screening (HTS) field
(Macarron, et al., Nature Reviews Drug Discovery, 2011), emphasized that
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which are much more expensive and lower in throughput. The HTS data must
be of sufficiently high quality, with low incidence of false positives and nega-
tives, in order to establish an effective roadmap for the subsequent processes.
Too often, the emphasis is on rapidly screening huge libraries (‘‘quick and
dirty’’), producing inefficiencies in subsequent steps. By taking advantage of
new fluorescence lifetime measurement technology, powerful new assays are
enabled. Our premise is that time-resolved FRET (TR-FRET) is so highly ad-
vantageous over intensity-based assays that it should always be the first choice.
TR-FRET on the nanosecond time scale is not the norm now. The most familiar
form is live cell assays with genetically encoded fluorescent proteins, which are
generally approached by FLIM. However, the low speed of FLIM makes it ap-
plicability for HTS very limited. Our solution is to employ a ‘‘Cells-in-Wells’’
strategy in which the collective response of hundreds of cells are monitored si-
multaneously in an non-imaging format. We will present data that demonstrates
the conversion of assays that are useless for HTS in an intensity mode (z’ < 0)
to very robust assays (z’ > 0.7) in fluorescence lifetime mode.
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Proteins fold and function inside cells which are environments very different
from that of a dilute buffer solution most often used in in vitro experiments.
The cell compartments are full of other proteins, membranes and DNA; it is
estimated that up to 40 % of the available volume in a cell can be occupied by
other biomolecules. The crowded environment results in increased viscosity,
excluded-volume effects and amplified opportunity for specific and non-
specific inter-molecular interactions. These environmental factors are not ac-
counted for in the mechanistic studies of protein folding and function that
have been executed during the last decades. The question thus arises as for
how these effects - present when polypeptides normally fold in vivo - modu-
late protein biophysics? To take a step closer to understanding the in vivo sce-
nario, we here assess how crowded environments affect protein biophysical
properties. For this we use synthetic macromolecular crowding agents, which
take up significant volume but do not interact with the target proteins, in com-
bination with strategically selected proteins and a range of biophysical/spec-
troscopic methods. We have found that in the presence of macromolecular
crowding in vitro, proteins become more thermodynamically stable (magni-
tude depends inversely on protein stability in buffer) and, protein folded states
may change both secondary structure content and overall shape. For a protein
with a complex folding mechanism involving an off-path intermediate, ex-
cluded volume effects make the folding energy landscape smoother (i.e.,
less misfolding) than in buffer. Our findings demonstrate that excluded vol-
ume effects tune protein biophysical parameters: this is of mechanistic rele-
vance since proteins have evolved to fold and function in crowded
environments.
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Cell division in typical rod-shaped bacteria such as Escherichia coli shows a re-
markable plasticity in being able to adapt to a variety of irregular cell shapes.
Here, we investigate the roles of the Min system and nucleoid occlusion mech-
anism in supporting this adaption. We study ‘squeezed’ E. coli in shallow nano-
fabricated channels [1], which despite their highly irregular shapes and large
areas, are able to divide into two almost equally sized daughters and we com-
pare this phenotype to normal rod-shaped cells, and mutants carrying deletions
in Min and nucleoid occlusion systems. Fluorescently labeled MinD proteins in
aberrant cell shapes show an irregular pattern of movement and do generally
not generate a reliable signal for localization of the cell division proteins. By
contrast, we establish that nucleoid occlusion provides a robust molecular
mechanism which is not sensitive to perturbations in cell shapes. We also
find that membrane curvature is important in selecting the nucleation site for
the divisome. Progressive FtsZ arcs form only in those positions on the circum-
ference of the squeezed E. coli where their line curvature is maximized.
Our study underscores the importance of two so far poorly understood
mechanisms - nucleoid occlusion and membrane curvature, which E. coli
uses to localize their cell division apparatus in multiple of phenotypes.
[1] J. Ma¨nnik, R. Driessen, P. Galajda, J.E. Keymer and C. Dekker, Proc. Natl.
Acad. Sci. USA. 106 (2009) 14861.2421-Pos Board B191
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In vivo imaging has shown how the establishment and maintenance of a polar-
ized cellular state relies on complex mechanisms by which signaling cascades
become activated and regulated at sub-cellular levels. It has recently led to the
concept of spatially-restricted signaling module. Yet, it remains unclear what
combination of molecular players, dynamics and function specify a module.
How they become integrated and spatio-temporally coordinated into a polarized
cell is also not elucidated. In this context, we used a new tool to locally perturb
and probe the signaling pathways associated to small Rho-GTPases.
First, magnetic nanoparticles (500nm), functionalized with constitutively ac-
tive Rho-GTPases (Rac1 and cdc42) were microinjected inside living cells.
We observed the induction of downstream signaling at the particle surface
by visualization of effectors binding (Pak and N-WASP) and the local polymer-
ization of actin structures, thereby demonstrating that these particles behave in
the cytosol as signaling ‘‘hotspots’’. Using FRAP, we further measured in vivo
dissociation rates between the immobilized GTPase and its direct effector.
Next, the nanoparticles were manipulated with a magnetic tip to position their
signaling activity at different subcellular locations. With nanoparticles func-
tionalized in situ with Tiam (a known Rac1 activator), we were able to specif-
ically activates Rac1 signaling by bringing the nanoparticles in contact with the
plasma membrane. The Rac1 activation occurred regardless of the subcellular
localization at the membrane. However, the signal was non-linearly amplified
only when the signaling activity was carried to protrusive areas of the cell. This
result reinforces the concept of subcellular signaling modules and shows that
a module could be specified by its ability to amplify rather than just linearly
transduce incoming signals.
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Transcription involves a complex exchange within a reservoir of proteins in
the nucleoplasm, and the specific recruitment of individual proteins at specific
gene loci. However, understanding the spatial distribution of individual pro-
teins and the temporal behavior in the nucleus of living cells remains chal-
lenging. Using 3D super-resolution fluorescence microscopy and cluster
analysis, we observe that the distribution of RNA Polymerase II (Pol II) clus-
ter sizes, measured as the number of polymerases per cluster, follows a 3/2
power law. Radial dependent analysis of the spatial distribution of Pol II also
shows scale-invariance, consistent with a so-called self-organized criticality in
a fractal geometry of dimension ~2.7. These results suggest a diffusion-based
mechanism whereby, via transient interactions, massive recruitment and dis-
missal of pol II molecules can occur at specific loci in the nucleoplasm. Ki-
netic measurements using single-molecule detection in live cells reveal Pol
II binding dynamics within minutes. Serum-induced transcription increased
Pol II binding kinetics in live cells by an order of magnitude. Together, these
results provide a comprehensive view of the spatio-temporal organization of
Pol II in the nucleus: from the global population distribution, to single mole-
cule recruitment at specific loci in live cells. This comprehensive single-cell
approach can be adopted for other proteins beside RNA Pol II, for real-time
quantification of protein organization in vivo, with single-molecule
sensitivity.
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Understanding the pathological mechanisms in the brain is the decisive step in
developing novel specific therapeutic strategies and in curing chronic neuro-
inflammatory or neurodegenerative diseases like multiple sclerosis (MS).
